Introduction
Nanoparticles and nanowires are a class of key precursors to highly ordered, nanostructured materials in the bottom-up approach in nanotechnology [1] [2] [3] [4] [5] . Among various preparation techniques of nanowires and nanoparticles, the templates synthesis [6] is one of the promising methods, in which uniform void spaces of porous materials are used as a host to confine wires and particles as a guest [3, 7] . Mesoporous silicas such as siliceous FSM-16 [8, 9] , MCM-41 [10] , SBA-15 [11] , and organosilica HMM-1 [12] have a two dimensional (2D) hexagonal structure (p6mm symmetry) of 1D-channels less than 10 nm in diameter and a high surface area up to 1000 m 2 g -1 . Therefore, the mesoporous silicas provide great opportunities as a template of nanostructured materials. 2 In our study of the ship-in-bottle synthesis of metal clusters in microporous zeolites [7, 13] , we extended this chemistry from zeolites to mesoporous silicas and found the formation of metal nanowires in the mesopores [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Here we report selective synthesis of metal nanowires and nanoparticles in FSM-16 and HMM-1. The nanostructured materials are characterized by physicochemical methods such as TEM, XRD, XAFS, STM, and gas adsorption. The electronic property of extracted Pt nanoparticles was studied by the STM/STS measurements. Formation mechanism of the nanowires is discussed in terms of migration and reduction of metal ions.
Experimental
Siliceous FSM-16 [9] and organosilica HMM-1 with bridging -CH 2 CH 2 -groups [12, 25] For the measurements of I-V characteristics, the STM image of a nanoparticle was first taken, then the tip was fixed on the particle, and finally the feedback was switched off to detect the I-V characteristics. 1024 I-V data points were collected in a voltage sweep of ±2 V across zero with an interval of 167 µsec.
Results and Discussion

Synthesis and Characterization of Pt Nanowires and Nanoparticles
Pt nanowires and nanoparticles are selectively synthesized in mesoporous silica supports FSM-16
and HMM-1 by photoreduction and thermal H 2 -reduction. FSM-16 was impregnated with were obtained using MCM-41, SBA-15, and HMM-1 as supports. We have so far synthesized nanowires of Rh, Pd, Pt, Au and bimetallic Pt-Rh, Pt-Pd by the photoreduction method [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
In the HRTEM images of the wires, lattice fringes of crystal planes were clearly observed, and the EDX analysis showed that the bimetallic Pt-Rh and Pt-Pd nanowires have the same compositions as charged Pt/Rh (or Pd) ratios. Hence, the nanowires have high crystallinity and 4 the bimetallic wires are alloy. The XRD patterns at low 2θ angle show no significant change before and after incorporation of metal, indicating that the 2D-hexagonal pore structure remained unchanged (Figure 2 ). In the high 2θ region, typical diffraction peaks due to fcc crystalline were observed. Figure 1 and Figure 2 The uptake of CO (CO/Pt) is 0.07 for Pt nanowire/FSM-16 and 0.24 for Pt nanoparticle/FSM-16, respectively, which reasonably shows that the surface area of Pt nanowire is smaller than that of Pt nanoparticle. The dispersion data also imply that the internal mesopores are not completely plugged with nanowires, because the uptake of CO would be equal to the atomic ratio of basal face to bulk (0.005) with tight filling of pores with nanowires. By considering that the atomic ratio of whole surface to bulk is 0.35, the CO uptake data suggest that 20% of the side surface is exposed to the gas phase. This enables the side surface to work as adsorption sites for small molecules such as CO, O 2 , and H 2 .
Extraction of nanowires from mesoporous supports is important in the application of Ligand-free Pt nanowires and nanoparticles were deposited on HOPG, and the surface morphology was studied by STM ( Figure 3 ). It is notable that the Pt wire extracted from FSM-16 has a rod-like structure with smooth surface, but the Pt wire from HMM-1 has a necklace-like structure. We propose that the Pt-support interaction for HMM-1 is weaker than that for FSM-16 due to the hydrophobicity of organic groups. The hydrophobic interaction at the interface results in the increase in surface energy of Pt metal to give the nanonecklace structure. From above experimental results, we propose the mechanism for formation of Pt nanowires as shown in Figure 6 . First, tiny Pt nanoparticles are formed in the mesoporous channels by the photoreduction of H 2 PtCl 6 . It is suggested that organic radicals such as ·CH 2 OH are produced from adsorbed methanol under UV-irradiation, and the radicals reduce Pt(IV) ions to Pt(0). In fact, no reaction occurred in the absence of methanol. When only methanol was adsorbed on 
